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Abstract: INTRODUCTION Early physiological assessment of multiple injured patients is crucial for
decision making and has relied on personal experience of trauma experts. We have developed a new
visual analytics tool (Sankey diagram, Watson Trauma Health care tool) that includes known prognostic
parameters for polytrauma patients to help guide assessment and treatment decisions for physicians
involved in trauma care. METHODS A prospectively collected trauma database of a single level I trauma
center (3655 patients) was used. INCLUSION CRITERIA age >16 years, an injury severity score (ISS)
>16 and presence of a complete data set in the database. Data collected included admission values of
patient age, injury scoring, shock classification, temperature, acid-base and hemostasis parameters. All
of these parameters were collected daily as longitudinal parameters. Endpoints of the clinical course
we considered were sepsis, SIRS and early in hospital mortality (<72 h). A proof of concept of the
visualization was developed over a 2-year period in a cooperation between physicians and engineers.
Statistically, the most predictive parameters were selected by binary logistic regression and ROC analysis.
RESULTS A dynamic interactive multilayer Sankey diagram, based on cohort similarities, was developed
in a collaboration between the University Hospital of Zurich, Department of Trauma and IBM, from
August 2017 until January 2018. It is a modular tool and allows any user to add a new patient, or work
with an existing case. The visualization used the data-driven documents (D3) interactive visualization
library to create a responsive graphic. CONCLUSIONS This application summarizes the experience of
3655 polytrauma patients and might serve as a guide for clinical decisions and educative purposes, as
well as new scientific questions for the polytrauma patient. LEVEL OF EVIDENCE IV.
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Early physiological assessment of multiply injured patients is crucial for decision-making 
and has relied on personal experience of trauma experts. We have developed a new visual 
analytics tool (Sankey diagram, Watson Trauma Health care tool) that includes known 
prognostic parameters for polytrauma patients to help guide assessment and treatment 
decisions for physicians involved in trauma care.  
Methods  
A prospectively collected trauma database of a single level I trauma center (3655 patients) 
was used. Inclusion criteria: age > 16 years, an Injury Severity Score (ISS) > 16, and 
presence of a complete data set in the database. Data collected included admission values of 
patient age, injury scoring, shock classification, temperature, acid-base and hemostasis 
parameters. All of these parameters were collected daily as longitudinal parameters. 
Endpoints of the clinical course we considered were Sepsis, SIRS and early in hospital 
mortality (< 72 hours). A proof of concept of the visualization was developed over a 2-year 
period in a cooperation between physicians and engineers. Statistics The most predictive 
parameters were selected by binary logistic regression and ROC analysis.  
Results  
A dynamic interactive multi-layer Sankey diagram, based on cohort similarities, was 
developed in a collaboration between the University Hospital of Zurich, Dept. of Trauma 
and IBM, from Aug 2017 until January 2018. It is a modular tool and allows any user to 
add a new patient, or work with an existing case. The visualisation used the Data-Driven 




This application summarizes the experience of 3655 polytrauma patients and might serve as 
a guide for clinical decisions and educative purposes, as well as new scientific questions for 
the polytrauma patient.  






Large databases have been used successfully to determine risk profiles for trauma patients [1–
3] . The most frequent approach is a deductive association between injury profiles and 
complication rates, usually performed in a static fashion at the time of admission [4–6]. Use 
of a dynamic approach appears to be exception to the rule for most studies. In addition, few 
trauma scoring systems have included physiological parameters [7–9] . The data obtained is 
often utilized to solve research questions by those involved in trauma care, or to assess patient 
populations [10–12]. Most frequently, the information is obtained by score value results, i.e., 
values are expressed as percentages that describe particular risk scenarios [13–15]. 
 
For the prediction of outcomes in patients with multiple injuries, special circumstances 
occur, as multiple independent factors can affect the outcome, such as injuries or injury 
combinations, rescue conditions, preexisting morbidities, and certain laboratory values on 
admission [16, 17]. Notably, a variety of laboratory values have been found to be affected by 
other measures, influencing the clinical course [18]. The complexity may also increase due to 
time-dependent changes in parameters, and by those induced by clinical decision making and 
treatments, such as initiation of major hemorrhage protocols and decisions regarding surgery 
[19, 20].  
 
Along with the availability of larger databases, attempts have been made to reduce the 
complexity by using computerized validation processes, or preexisting databases that provide 
multiple layers of information [21]. One way of improving understanding while dealing with 
several levels of information might be to visualize the multiple levels in a Sankey diagram. 
Historically, the name Sankey derives from an Irish naval officer, who used the visualization 
tool to investigate the efficiency levels of steam engines [22]. The concept was modified 
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through the inclusion of additional time-dependent factors. As a result, a directory tree was 
added to animate the image through time [23–25]. In clinical medicine, there is a paucity of 
reports using this strategy. To date, a few attempts have been made to incorporate the Sankey 
technique into clinical medicine by an IBM computer system, Watson [26]. Watson has been 
used to describe general health issues [27], to model medical care plans, and to visualize the 
development of community acquired pneumonia leading to hospitalization [28].  
The use of data sets to develop an interactive visualization tool of clinical trauma 
scenarios has not previously been available. We therefore developed a visual analytics 
approach based on the IBM Watson Health tool and an existing polytrauma patient database. 
This approach has undergone multiple steps of development in a close interaction between 
physicians and engineers. This current study hypothesized that this development might 
provide proof of concept, facilitating the projection of patient scenarios for severely injured 






Prior to the initiation of the study, an independent review regarding clinically relevant 
parameters revealed injury severity, coagulation, acid-base changes, and shock, e.g., 
advanced trauma life support (ATLS) scoring was made [21-29] (Table 1). All parameters 
deemed clinically relevant were included in the Sankey diagram, and these parameters were 
also were applied for longitudinal scoring options. The visual parameters were integrated by 
three developers at IBM (CN, PB and AY).  
 
Ethical approval 
Ethical approval was obtained from the local review board at USZ (Nr. St.V. 01-2008). The 
study was conducted according to the guidelines for good clinical practice, recommended by 
the Swiss National Ethics Committee. 
 
Sample collection 
Proof of concept was performed on the basis of an institutional database of trauma patients 
>16 years of age, with an ISS >16. The database was established on 01.08.1996 with ongoing 
patient data collection, as described previously [5]. For this study, inclusion criteria were 
patients aged 16–75 years, and completeness of all data at admission and longitudinally 
during the first three weeks after injury (Table 2). Data collected for analysis included 
laboratory values from admission until 21 days post injury, and included clinical scoring 
systems as described below. 
 
Definitions and Scoring systems 
The ISS, based on the abbreviated injury scale (AIS; update 2008 version), was used to 
determine regional injuries, and it was also used for grading general severity of trauma [30]. 
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Shock states (I–IV) were defined according to criteria used by ATLS, an established scoring 
system widely used for medical teaching.  
SIRS was defined as the presence of the following criteria: body temperature >38 °C, 
heart rate >90 bpm, respiratory rate >20 breaths/ min or PaCO2 <32 mmHg, and neutrophil count 




Independent predictors for the outcome parameters, SIRS, sepsis and early death, were used.  
 
Time line of development of the “Watson Health Trauma” tool  
The ideas to develop a new assessment tool for trauma patients were generated in 2015, as 
existing databases provided only limited information about predictive parameters [33, 34]. 
With the IBM Watson tool [35] and the availability of an existing database, the ideas about 
the new application developed in 2017. Consequently, an application for funding to enable the 
implementation of trauma patient parameters into the existing pathway concept was made. 
The results of further refinements, including input from surgeons and engineers, are 
summarized in Table 1.  
 
The development of the visual pathway 
Visualization was based on a variation of a Sankey diagram, which allows the user to 
explore the distribution, sequence and relationship of clinical scenarios of interest for 
outcomes and other events, as described in the introduction.  
Figure 1 provides an overview of the architectural components of the system. In order to 
deal with the complexity and considerable variance found in the raw data, a data ingestion 
and transformation engine was developed by engineers. It included the following 
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algorithms; medical code grouping, statistical frequency grouping, time interval 
simplification, regimen extraction, consecutive event merging, and event filtering. 
Following simplification of the pathways, frequencies and ratios at the level of the cohort 
were summarized. The data ingestion loaded the data into a client-side internal storage, 
where the user could filter and visualize it. The client-side had been implemented as a web 
application using standard JavaScript (JS) components. An angular JS library was used to 
coordinate the application components and connect to the server side for data requests and 
querying [36]. A bootstrap cascading style sheet (CSS) and JS were used to achieve 
interactivity of the application and for styling the application widgets, such as selection and 
slider components [37]. The application was able to export data streams into MS-Excel 
documents in a standardized format.  
 
Within the application, any user can add a new patient, or work with an existing 
case. A case represented a medically relevant description of a patient of interest. The 
mandatory data included age, body temperature, and ISS. The filter criteria could be 
extended to lab-test results, such as lactate, pH, hemoglobin, hematocrit, and AIS scores. 
With every change of the filter criteria, a new query request was sent to the server and the 
relevant cohort retrieved for exploration, resulting in different insights and cohort views, 
which were added to the case and stored on the server.  
The tool used the Data-Driven Documents (D3) interactive visualization library to create a 
responsive graphic [38]. The information was organized in a node-link flow diagram, a 
variant of a Sankey diagram, defined by the trauma surgeon and uniquely designed for this 
application. Each node in the graph represented a medical state, such as a treatment or 
outcome, or any other medical state of interest. The links represented transitions between 
consecutive states in the cohort with a relation to the clinical reality. An example of the 
visualization and the filter components can be seen in Figure 1. The height of nodes and 
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links in the Sankey diagram represented the relative number of patients that shared the 
medical state and transition, respectively. The color was mapped to the relative proportion 




All statistical analysis was performed by IBM engineers to justify distribution of patients 
according to clinical scores (e.g. ATLS classes etc.). In preparation an analysis for normal 
distributions was performed and the predictive quality of the different variables was tested by 
receiver operating characteristic ROC curve analysis. The independent predictive power was 
analysed using binary logistic regression. The goodness of fit for the binary logistic regression 
was analysed by the Hosmer-Lemeshow test, and was considered to be good if p > 0.05. Data 
were analysed using IBM SPSS® Statistics for Windows software version 23.0 (IBM Corp., 








Based on the preparative literature review, the factors with the highest impact on outcomes 
for patients with multiple injuries were reconfirmed from previous reports: ISS, pH, lactate, 
haemoglobin, haematocrit, temperature and patient age and were included in the 
development (Table 2) [1-20, 30-35, 39-44].   
 
The database contains information on 3655 multiply injured patients [5]. Data stratification 
led to the exclusion of 1730 patients, leaving 1925 patients for assessment in the current 
study. These data sets were excluded due to data lacking in patient profiles, such as the 
temperature at admission or incomplete documentation of fluid management. 
 
Primary output and cohort selection for patients with multiple injuries 
The primary output of the visual analytics tool was a Sankey diagram. It provided a non-
temporal event sequence from the input parameters and groups listed above (see visual 
pathway analytics, Figure 1), as well as the following categories (parameters): coagulopathy 
(prothrombin time), haemorrhagic shock (ATLS groups I to IV), surgical decision making 
(whether damage control, early total care or no surgical intervention) and outcome (SIRS, 





High energy injuries continue to represent a significant cause of death and long-term 
disability, even in high-income countries [41]. While prognosis based on sequential laboratory 
parameters is well known to be relevant, the initial values are the only prognostic tool in the 
early stages after admission. Several scoring systems have been developed in the past. Our 
group has recently shown that the use of multiple parameters, covering coagulopathy, 
indices of shock soft tissue injuries and acid base changes outweigh the use of a single 
parameter [42].  
The clinical coverage of multiple diagnostic tools may be difficult to overlook and while 
experienced physicians are thought to be able to integrate and manage multiple sets of 
information, physicians in training may benefit from getting help in overviewing them. In 
this line, visual analytics might provide a way to facilitate the interface between the user, the 
analytic system, and the underlying data. The value of visual analytics should be assessed in 
the context of the domain, available data, and suitability of visualization for the given user 
tasks.  
We propose that the results presented in this manuscript represent a proof of concept 
in determining a different approach in patient assessment. However, we are aware that certain 
important limitations apply. First, the inclusion criteria of the study focused on patients 
between 17 and 74 years of age, thus excluding those outside this age group from using the 
tool. Second, we had to limit the end points to complications available in the database. As the 
definitions for some complications, such as acute respiratory distress syndrome (ARDS), have 
changed during the processing of the data collection [3], they were not included in the 
outcome assessment. Third and most importantly, inclusion of patients from as long ago as 
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1996 might represent a drawback, as management strategies have changed as well. Previous 
attempts to use more current databases led to the use of a trauma registry, which was limited 
by the availability of longitudinal data. In addition, other important laboratory parameters, 
e.g., rotational thromboelastometry (ROTEM) and interleukin values, described in recent
reports, were not available in the trauma registry or in the current data set. Therefore, we 
propose that the current results might be used as a proof of concept that justifies further 
analysis. 
In certain ways, our visualization tool might be an improvement on previous efforts to 
develop scoring systems for trauma patients. Most of the available trauma scoring systems 
either rely on a single parameter, or focus on data from the time of admission or after 
completion of resuscitation. In a previous review of parameters indicative of clinical patient 
status, we described options to assess patients and listed the available recommendations 
regarding haemorrhagic shock, coagulopathy, hypothermia and soft tissue injuries [43], 
similar to those previously pointed out by Border [44]. These recommendations were applied, 
usually before decision making regarding surgical procedures. Ogura et al. used large 
databases to describe the degree of hemorrhage, but did not specify the time of application 
[45]. However, none of these scoring systems, or compilations of data considered the entire 
hospital stay or the diagnosis of patients. 
Our newly developed Sankey visualization tool might provide an improvement over 
these previously described scoring systems by providing different scenarios, and potentially 
being a tool when speaking with families regarding decision making. In addition, if validated 
appropriately in the future, it might be helpful in considering several potential outcomes for 
any given clinical scenario encountered by the treating physician. 
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We propose that our development process, which included multiple adaptations of the 
visualization and Sankey configuration, have been helpful in improving clarity and ease of 
use. In the current state of development, it is unable to provide any distinct treatment 
recommendations that deal with causality, confounders, or statistical/human biases. In 
addition, it should not be viewed as a medical device from a regulatory perspective. In order 
to improve the reliability of the selected parameters, we are currently testing for validation 
and applicability. This approach should also be helpful in improving guidance regarding the 
clinical course of patients. We anticipate that future validation will further improve the 
prognostication options. 
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Structure of the Sankey diagram and selection options for outcome analysis 
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Figure 2: Sankey diagrams of the analysis of Pathway Explorer for Traumatology of a 
hypothetical patient with an age of 35 years, an ISS of 35 and a temperature ad admission of 
35°C. This screenshot extractions (A-C) show the pathways to the three outcomes: early death 
(A), SIRS (B) and sepsis (C). The percentage of the patient cohort suffering the corresponding 
outcome is given as a colored code at the upper right of each screen shot (A-C). The x-axis does 
not represent a timeline but an interchangeable event sequence. The given events are binned 
and the patients are assorted according the fulfilling of these events. Each of the binned events 
can be chosen and the conditions for the chosen outcome can be displayed. The thickness of the 
bars indicates the cohort size and the color code indicated the percentage of the cohort to 
develop an adverse outcome (SIRS, sepsis and early death). Figure 2D shows the detailed bar-
description of the Sankey output. All layers are electable for each bin, as well as the respective 
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Table 1: Time table for development and implementation of the Watson Trauma Health 
application 
 
Pre - meeting scientific sessions 
-, Kick-off session: 27th Intl. Course Polytrauma Management  Munich GER March 2017 
- in person discussions and preparation for funding application Zurich, SUI April/May 2017 
- Follow-up 28th Intl. Course on Polytrauma Management  Bucharest, ROM May 2017 
 
Application for funding 
- in person meeting (USZ) to discuss grant application   Zurich, SUI April/May 2017 
- preparatory meetings (IBM and USZ) (distribution of funding)  Zurich, SUI May, 2017 
- Application according to deadline Research fund USZ   Zurich, SUI June 30, 2017 
- Approval of funding (200.000 SFR)     Zurich, SUI August 2017 
 
Preparatory meetings (USZ: LM, HCP)    Zurich, SUI July/Aug 2017 
- Review of published data  
- Review of existing data base parameters 
- Selection of parameters for risk profile and individual data (USZ) 
- Implementation into Watson Health Sankey diagram (IBM) 
 
Preliminary discussion 
29th International Polytrauma course, DKOU    Berlin, GER Oct 2017  
 
Invitations and information for users     Zurich, November 2018 
- Pre-circulation of definitive time line 
- Pre-circulation of topics 
- Pre-circulation of background materials  
- preparative meeting for data implementation development  
   (USZ; LM and HCP) and process (IBM; CN, PB, AY)  
 
Zurich Consensus conference, January 2018 (USZ and IBM) 
Presentation: of Sankey Watson Trauma Health    Zurich, January 2018 
 
Follow up of the ‘Sankey Working Group “Polytrauma”,  Valencia, ESP May, 2018  
 
Consensus discussion at the 23th Int. Polytrauma Course,  Zurich Sept., 2018 
Discussion of further proceedings during 2018 /19 
 
Use/Assessment of Watson Heath Trauma Sankey tool in  Zurich, June-2019-2019                    
 
Presentation and discussion in Polytrauma section meeting  Prague, ESTES 2019 
 
Grand round presentations (Allegheny General Hospital)  Pittsburgh, USA, June 2019  
 
Grand round presentation (Indi Health System)   Indianapolis, USA, June19 
 
 
Table 2: Structural differences of primary versus secondary selection data, and treatment 
induced data that determine the subcohort outcomes  
  
Parameter Characterstics Collection point of time 
 
Admission Data (minutes) 
Age [a] 
ISS [arbitrary] 
Temperature [°C]  





Prothrombin time [%] 
ATLS shock classification [arbitrary] 
Treatment decisions 
Early total care [decision] 
Damage Control [decision] 
No immediate intervention [decision] 
Head injury requiring surgery [decision] 
SIRS [binary] 
Sepsis [binary] 
Early Death [binary] 




Red blood cell transfusions [n] 




Primary Selection data 
Primary Selection data 
Primary Selection data 
 
Secondary selection data 
Secondary selection data 
Secondary selection data 
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